Many normal and a few reversed characteristic directions of magnetization have been obtained by predominantly thermal demagnetization from ten sites of the Late Permian Emeishan Basalts collected near Kunming, Yumran Province. The normal ma~etization directions pass a fold test at the 99% confidence level and yield d~ination/~clina~on = 26"/ -12", k = 46, qg = 6" and a paleopole at 50"N, 241"E. However, the reversed-polarity directions, with d~lination/inc~ation at 244"/+ 3" are not antipodal to the normal ones, which is also noted in other studies of the Emeishan Basalts of the Yangtze Paraplatform of the South China Block. Speculations about the cause of this lack of antipodaiity center on: (1) local relative rotations, (2) incomplete demagnetization, (3) unusually large non-dipole fields, secular variation or asymmetric reversals in the Late Permian, (4) errors in sample orientation, or (5) later remagnetization represented by one or the other polarity group. The first two causes are ruled out by our obsetvations, and the third cannot be tested with data from China alone but is unlikely because it has not been observed elsewhere. Errors in sample o~en~~n may be present in those studies that used a magnetic compass, because sample intensities of magnetization are on tire high side. However, for the normal-polarity directions, a solar compass has been used in some of the studies and ail normal-polarity directions observed in the area are in agreement. Thus, sample orientation errors can be invoked only for the reversed-polarity directions. In order to test cause (5), we have examined the magnetic carriers in eight samples with scanning electron microscopy. Titanium-poor to titanium-rich magnetite, commonly cruciform in crystal habit, indicates primary igneous crystallization in two samples that have NE and WSW declinations. In contrast, six no~~-~Iari~ samples with NNE declinations show pervrsive replacement of original titanom~etite by titanic-me magnetite and sphene, indicating a high degree of alteration. We ascribe this alteration to late hydrothermal circulation and argue that it has caused remagnetization in post-Permian times. This study suggests, therefore, that the NE-SW directions are more likely to be representative of the Late Permian paleomagnetic field than the NNE directions.
Introduction
Several previously published studies have obtained coherent characteristic magnetizations from the Late Permian Emeishan Basal& in southwest China (Table 1) in Sichuan, Guizhou and northern Yunnan provinces. Figure 1 (a,b) illustrates the sampling localities and the normal and reversed directions observed. It is clear that these directions are not antipodal and this has led to uncertainties about the validity of the Emeishan paleopoles. A comparison between Late Permian paleopoles from north and south China (e.g., Zhao and Coe, 1987) shows a large (ca. 70") relative rotation of these two blocks. Similar Triassic declination differences suggest that the rotation occurred during the Jurassic at which time the two blocks were sutured together in the Qinling mobile belt. The details of the Permo-Triassic positions of the South China Block are obscure, however, because of the above-mentioned uncertainties regarding the Emeishan poles.
In the Emei stratotype section south of the city of Chengdu where most of the sampling was carried out (Fig. la) , only a northerly and. shallow 368 R. VAN DL:K LOO I:'1 ;\I upward direction is observed. Because the basalt ences in declination between the normal and eruption was thought to have occurred during the reversed mean directions, which generally came late Paleozoic Kiaman reversed interval, the first from different localities, subsequently led to doubt studies led McElhinny et al. (1981) to interpret about local rotations, especially for sites near the this northerly direction as one of reversed polarLongmenshan Thrust Fault that forms the westity, with significant implications for the inferred ern boundary of the South China Block; tilt cormovements of the South China Block. The subserections of steeply dipping strata also may have quent discovery of reversals and improvements in introduced aberrant declinations because of posour knowledge about the Late Permian (post&a-sibly plunging fold axes (e.g., MacDonald, 1980) . man> age of the rocks caused a reinterpretation Alternatively, partial to complete remagnetiza- (McElhinny, 1985; Huang et al., 1986; Zhao and tions have been inferred as the explanation for Coe, 1987) and there is now general consensus the normal polarity directions ; about the choice of polarity. However, differ- Lin, 1989) , given that they yield a paleopole that 29.3"N, 235.3"E R 53.5"N, 241.8"E N 52.4"N, 225.9"E N,R 24.7"N, 204.3"E R 41.5"N, 228S"E N 24.3"N, 220.6"E R 50.3"N, 241.O"E N 22.7"N, 205.8 Zhou et al. (1986 ) Zhou et al. (1986 This study This study Mean B (1, 2, 3,4, 6.1, 6.2, 7.1, 8 appears to be younger (more towards the present-day pole) than the paleopole calculated for the reversed rocks (e.g., Table 1 ). In order to contribute towards a resolution of these issues, we have collected 59 samples from 10 sites in the vicinity of Kunming (Fig. la) . We also collected Carboniferous and Permian carbonates in this area, but have found that they are completely remagnetized in a recent geomagnetic field. The basalt localities are geographically spread and significantly distant from either the Longmenshan Fault or the Sichuan sampling sites, so that we can test for relative rotations. Moreover, the basalt flows show varying dips at our sites due to folding in the Tertiary, so that we can apply a fold test. We have also been fortunate enough to observe a few reversed-polarity samples which allow us to address their mineralogical relations and, in turn, the possibilities of remagnetization through alteration.
Geology and sampling
The widespread Emeishan eruptives are plateau basalts of Longtanian (Late Permian) age, which correlates with the latest Kazanian (Guadalupian) to early Tatarian (Qchoan) Late Permian stages of the western world (Yang et al., 1986) . The DNAG timescale (Palmer, 1983) assigns an age of about 253 Ma to the KazanianTatarian boundary, which falls well within the age span in which dual-polarity (i.e., post-Kiaman) magnetizations have been observed elsewhere (e.g., Creer et al., 1971; Molina-Garza et al., 1989; Haag and Heller, 1991) . The basalts are overlain by the fossiliferous Xuanwei and Feixianguan Formations of latest Permian and Early Triassic ages; these formations or their stratigraphic equivalents in Sichuan Province have yielded paleopoles in the studies by McElhimry et al. (1980 , Chan et al. (1984 , Heller et al. (1988) , Steiner et al. (1989) , and Enkin et al. (1992) . Dobson and Heller (1993) studied the paleomagnetism of the Early-Middle Triassic Daye and Jialingjiang formations in Hunan Province. The basalts are underlain by the fossiliferous Kungurian-Kazanian Maokou or Qixia formations; the paleomagnetism of the Maokou Formation has been studied by Wang and Van der Voo (1993) . Isotopic ages for the basalts are variable and fall around 236 Ma (Zhou et al., 1986) , which is somewhat too young; ages as young as 167 Ma near Zhijin have led Lin (1989) to argue for partial to complete isotopic resetting and remagnetization.
The outcrop area of the basalts, thought to record a rifting stage in the Late Permian, is approximately 40,000 km2 as a remnant of what may well have been a covered area that was ten times larger. The average thickness is 700 m, with a maximum of 5384 m (Lin, 1985) . Near Kunming (25"N, 102.7"E) we drilled at ten sites from fresh roadcuts with orientation by magnetic compass. The outcrops generally consist of thick sequences of monotonous and structureless lava flows, with the rocks having a very dark grey to green, dense, amygdoidal and aphyric appearance. Determination of the bedding orientations was possible because of sedimentary (albeit weathered) layers in the vicinity of the basalts.
Paleomagnetic results

Intensities of natural remanent magnetizations
(NRM) range from 1 to 15 A/m. Pilot alternating field (AF) and thermal demagnetization techniques showed that AF effectively reduces the intensity to zero in fields up to 100 mT, but that thermal treatment was preferable because it provided better resolution of the demagnetization trajectories. Thermal demagnetization revealed only one component of magnetization, occasionally after removal of a northerly and intermediate down present-day field overprint (Fig. 2) . The characteristic directions of magnetization are N to NE and shallowly down to intermediate up and are listed in Table 2 . Figure 3 illustrates one normal and two reversed characteristic directions of magnetization from the same site (32); the reversed directions are SW and shallowly down. The outcrop situation did not give any indications that different flows were present, but at the time of sampling (not knowing that there would be a reversal here) subtle flow distinctions may have escaped attention.
Correction for the tilt of the flows (Fig. 4 ) illustrates that the fold test is positive at the 99% confidence level according to McElhinny (1964) . A well-grouped mean is obtained in stratigraphic coordinates (Table 2 ) with k2 = 64 and a95 = 6", whereas these values are kl = 9 and a95 = 17" before tilt correction. The magnetizations clearly predate Tertiary folding.
The failed reversal tests
We have mentioned earlier that the normal and reversed directions of magnetization from other studies are not antipodal (Fig. lb, Table 1 ) and that this has led some workers to argue for remagnetization of (part of?) the Emeishan Basalts. In our study, we observe the same phenomenon (Table 21 , although admittedly we have only two samples that show reversed directions. However, these two samples occur in a site that also shows normal directions in 5 samples. The fact that these normal directions are in agreement with the mean directions from all our other normal-polarity sites indicates that relative rotations are not a viable explanation for the non-antipodality. The agreement of the normal-polarity directions from Sichuan and Yunnan (Fig. lb) and, to a lesser degree, also between the reversed polarity directions from Sichuan (Huang et al., 1986; Zhou et al., 19861, Guizhou (Lin et al., Fig. 1 ) of the site-mean directions of this study before and after tilt correction.
fields or asymmetric reversals in the Late Permian, errors in sample orientation, or later remagnetization represented by one or the other polarity group. Incomplete demagnetization, i.e., incomplete removal of present-day field over- prints, is not indicated by published demagnetization diagrams, nor in the results of this study shown in Figures 2 and 3 . The trajectories obtained in thermal demagnetization are perfectly linear and decay straight to the origin without any hint of a high unblocking-temperature component, suggesting that the normal or reversed components are unlikely to be composite.
Explanations involving non-dipole fields, secular variation or asymmetric reversals (e.g., Pesonen and Halls, 19831, are difficult to test with rocks from China alone. However, secular variation as an explanation can be ruled out because the entire range of declinations observed in the basalts has now also been observed in Permian and Triassic sedimentary rocks (Fig. lc) . Such geomagnetic field features as long-term non-dipole fields and asymmetric reversals must be global phenomena and we note that other studies of rocks of late Kazanian-early Tatarian age (e.g., Molina-Garza et al., 1989) show well-defined antipodal reversals. While an asymmetric Late Permian reversal pattern remains an ad-hoc possibility, we believe that it is more fruitful to examine other possible explanations first.
The possibility of orientation errors exists for those studies that employed a magnetic mass for sample orientation; to our knowledge all studies reporting (some) reversed-polarity directions, including our own, fall in this category. Our own sampling techniques incIuded sighting of distant objects and readings at various distances from the Zhao and Coe (1987) used a solar compass, and given the similarity of their results to the normal mean directions from the other studies (see Fig. lb) , it is very likely that at least the normal-polarity directions are not affected by systematic orientation errors.
This leaves the possibility of remagnetization, which can be examined by looking at the magnetic carriers.
Rock magaetie experiments and electron mi-
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Unblocking temperatures (e.g., Figs, 2 and 3) are all less than 590°C and typical coercivities in AF dem~et~tion are less than 100 mT, suggesting magnetite as the carrier of magnetization. This is confirmed by acquisition of isothermal remanent magnetization (IRM) and Curie temperature runs on a horizontal balance (Fig. 5) . Some alteration (probably oxidation) took place during heating, causing the the~omagnetic curve to be irreversible.
Optical microscope observations of eight polished thin-sections reveal plagioclase (about 80% by volume), pyroxene, opaques and glassy ~o~drna~. Partial alteration of plagioclase and pyroxene has produced chlorite, sericite and other clay minerals. Opaque grains are typically less than 2 pm in size but abundant (up to 5% by volume). Because the optically detectable opaque mineral grains are very small, and in order to determine if sub-optical scale magnetic phases are present, scanning electron microscope (SEM) and scanning transmission electron microscope (STEM) observations were carried out. The SEM and STEM that were used are Hitachi S-570 and Philips CM-12 instruments, respectively; both are equipped with Kevex Quantum energy dispersive analysis (EDA) systems. The only iron-oxides detectable with both SEM and STEM were those that were also detected optically; our observations can be divided into two groups, one showing titaniferous (p&nary) magnetite and the other showing pure (secondary) magnetite as an alteration product. These two groups of observations will be discussed sequentially below.
In two samples, the magnetite has very characteristic shapes, ranging from cruciform (Fig. 6a) to dendritic (Fig. 6b) in outline. Such shapes are diagnostic of crystals that are in the early stages of growth and that have been quenched. They occur within plagioclase grains (Fig. 6c,d ) but more commonly are on or at contacts with pore space (Fig. 6a,b) that is inferred to have been caused by vapor at high temperature.
A dendritic shaped iron-oxide grain was prepared for STEM observations (Fig. 7a) . Selected area electron diffraction (SAED) patterns (Fig.  7b) verified that the crystals have the single-crystal magnetite structure. EDA spectra (Fig. 7c,d ) showed that they are titaniferous. Although the analyses are only qualitative, they show that magnetite varies from being nearly T&free (Fig. 74 to having ulviispinel (TiFezO,) components of greater than 50% (Fig. 7d) . Such a range in ambition occurs within single crystals, as shown in the X-ray mapping of Fe and Ti (Fig. 7e) , demonstrating a lack of equilibrium as consistent with quenching from high temperatures where crystallization occurred rapidly. The SAED patterns of tita~ferous ma~etite are those of a single crystal, demonstrating the lack of exsolution of ulviispinel and/or ihnenite, as verified by the absence of lamellae in TFM images. Such single-phase titaniferous magnetite may form only at high tempe~tures that exceed the temperature of the magnetite-ulviispinel solvus, with rapid cooling from that level. We interpret these observations to collectively demonstrate that the carrier of magnetization is magnetite with variable Ti content that has a primary origin derived from rapid cooling (Evans and Wayman, 1972; Haggerty, 1976; Wayman and Evans, 1977) . Iwo samples, one with normal-polarity (252) and one with reversed-polarity (2551, show these shapes, textures and mineralogies (see caption Fig. 6 ).
Six other samples show the second pattern and contained magnetite with no detectable Ti, or very small quantities of Ti; only one sample of this group contained magnetite with appreciable Ti, but even in that sample such magnetite was associated with Ti-free magnetite. Magnetite with two kinds of textures was observed: (1) As shown in Figure 8 a,c, magnetite with a cruciform shape was commonly associated with sphene (medium dark areas) occurring in a matrix of chlorite, pyroxene and plagioclase. (2) Some samples were dominated by magnetite having non-cruciform, anhedral to subhedral shapes, as shown in Figure  8b ,d. Such magnetite was intimately associated with sphene and chlorite. We infer that the pure magnetite and sphene formed as alteration products of primary igneous (sometimes cruciform) titanomagnetite, of the kind shown in Figure 6 . In the case of one sample, the original igneous texture was largely replaced by one dominated by chlorite. Such alteration at relatively low temperatures of titanomagnetite to T&free magnetite and sphene is common (e.g., Shau et al., 19931 , and generally associated with alteration of primary Mg-silicates to chlorite. All samples that were observed to contain magnetite with little or no Ti showed normal-polarity NNE directions.
A total of eight samples was examined by SEM. Their directions fall in two groups and can be directly correlated with the two patterns of magnetite. The directions of the four samples shown in Figures 6 and 8 
Discussion
A well-defined characteristic normal-polarity magnetization has been observed in the Emeishan Basalts around Kunming, Yunnan Province. The magnetization is older than the Tertiary folding. Agreement between our directions and those previously obtained in northern Yunnan and Sichuan provinces argues against hypothetical rotations about vertical axes on a local or regional scale, such as suggested by Lin et al. (1985) and McElhinny (1985) , unless, of course, these rotations occurred before the Emeishan magnetization was acquired.
Only two samples show reversed polarity with a declination around 240". However, one of these samples as well as one normal-polarity sample with a nearly antipodal declination of about 50" reveal primary (titano-knagnetite as the carrier of magnetization. In contrast, samples with the more northerly declinations have a magnetization carried by secondary magnetite. Table 1 . The four Emeishan pole positions clustered in Group A are based on reversed-polarity directions and are significantly different from those of Group B; this difference reflects, of course, the non-antipodal nature of the magnetizations and the failed reversal test.
The normal-polarity Group B poles are more likely candidates for a "less-reliable" label than the poles of Group A in Figure 10 , given our SEM observations of the alteration of original titanomagnetite to pure magnetite plus sphene in Group B samples. Moreover, the pole positions of Group B look "younger", i.e., closer to the north pole on the apparent polar wander path for the South China Block than the Group A poles from the basalts. At the same time, the latter are based on fewer directions and their reliability has not been enhanced by positive field tests. Dualpolarity directions and paleopoles obtained from sediments of Late Permian to Early Triassic age (McElhinny et al., 1981; Weller et al., 1988; Steiner et al., 1989; Dobson and Heller, 1992; Enkin et al., 1992; Wang and Van der Voo, 19931 appear to agree more with the poles of Group A (see Table 1 , Fig. lc, Fig. 10, triangles) . It is argued here that the more abundant Group B poles of the Emeishan Basalts represent a magnetization that is younger than the age of the rocks, whereas the group A poles may be Late Permian in age. The SEM observations of this study show that the Group B (re-lmagnetization in our samples is due to alteration that was likely hydrothermal in origin. The age of this remagnetization remains uncertain; judging from other paleopole results for the South China Block, this age appears to be Triassic to Early Jurassic(?).
